INTRODUCTION
Tibet is Earth's largest and highest plateau; its existence is a direct consequence of the India-Asia collision, ongoing since ca. 55 Ma. Knowledge of the structure and evolution of the plateau has advanced through a number of modern geophysical studies (see Molnar, 1988 , for a review; Zhao et al., 1993; McNamara et al., 1994; Hirn et al., 1995; Wittlinger et al., 1996; Brown et al., 1996) . However, how the plateau's crust was thickened and how its uniform altitude was attained remain unsolved problems in the mechanics of continental deformation. A recent model relates the uplift of the plateau to a plate-like behavior including sequential intracontinental subductions with slip partitioning (Tapponnier et al., 2001) , in contrast to a distributed shortening of the entire lithosphere followed by convective thinning of the lithospheric root (England and Houseman, 1989) . Previous works support a southward subduction of Eurasian mantle lithosphere beneath the northern margin of the plateau (Kosarev et al., 1999; Kind et al., 2002) . How-*E-mail: shidanian@cags.cn.net. †Deceased 18 August 2002. ever, direct seismic evidence for the postulated intracontinental subduction zones within the plateau, such as a southward subduction of the Tibetan lithospheric mantle along the Bangong-Nujiang suture, is still lacking.
During 1998-1999, project INDEPTH III deployed a dense passivesource seismic array across the Bangong-Nujiang suture from the central Lhasa terrane to the central Qiangtang terrane (Fig. 1) . The array crosses a region of central Tibet where upper-mantle properties change dramatically from south to north (see Molnar, 1988 , for a review; Owens and Zandt, 1997; Huang et al., 2000) . This region was previously suggested to be where the front of Indian lithosphere has advanced (Ni and Barazangi, 1983; Owens and Zandt, 1997; Kosarev et al., 1999) . The results from this array enable us to image the deformation structures in this region in greater detail and to test the validity of the geodynamic models.
DATA AND ANALYSIS
The data used in this study are from the INDEPTH III main seismic array, which consisted of 54 stations and extended north-northwestward for ϳ400 km across the Bangong-Nujiang suture (Fig. 1) . This quasi-linear array was operated to record earthquake data continuously for one year.
We used the receiver function (RF) technique (Langston, 1977; Kosarev et al., 1999; Kind et al., 2002) to construct crust-mantle cross sections of the central Tibetan Plateau. This method has been used to image the mantle discontinuities and the first-order features of the entire plateau (Kosarev et al., 1999; Kind et al., 2002) . To reveal the deformation structures over the entire thickness of the lithosphere, we used several methods to construct cross sections with higher resolution. First, spatial (especially horizontal) averaging over a long distance (which is a common way to achieve a good-looking image) has been avoided because it will smear the dipping structures on the cross sections. Second, a high-pass Butterworth filter (0.02 Hz) was applied to the original seismic data in the RF calculation to suppress extremely low frequency noises. Unlike high-frequency noise, extremely low frequency noise cannot be suppressed readily in the stacking process of the construction of a RF cross section. The filtering in this case has negligible effects on the signal but makes many more data available. Retrieving sufficient data, in our experience, is essentially necessary to detect the weak signal from the mantle and to recover the mantle structures. Third, the cross section (a vertical plane to project all the data; migrated RFs are stacked along the normal direction of that plane) has been rotated along different azimuths to detect the strike of dipping structures, because in principle a dipping structure can only be optimally imaged on the cross section that is perpendicular to the structure's strike (see Data Repository 1 ). In order to retain the signal coherence for two-dimensional dipping structure, only earthquakes from the east were used. This implies that the cross section is representative of structures below and slightly east of the array (possibly not below the cross section) ( Fig. DR3 ; see footnote 1). The cross sections that best demonstrate the lithospheric deformation structures of central Tibet are presented in Figure 2 .
RESULTS
The Moho delineated by the maximum amplitude is seen differently beneath the northern Lhasa terrane and the southern Qiangtang terrane (Figs. 2 and DR5 [see footnote 1]). The Moho beneath the northern Lhasa terrane is shown to be relatively weak and irregularly and unevenly distributed around an average depth of ϳ65 Ϯ 3 km below sea level. In contrast, the Moho beneath the southern Qiangtang terrane is shown to be relatively strong, regular, and smooth, and dipping slightly to the south. A trough in the Moho between them is seen ϳ40 km north of the surface trace of the Bangong-Nujiang suture. The irregularity and unevenness of the Moho beneath the northern Lhasa terrane, in principle, can be ascribed to a variation in crustal velocity, e.g., a variation in the crustal V p /V s ratio (Kind et al., 2002) in Moho depth, or both. Heterogeneity in the crust, however, cannot account for our results completely. The image in Figure 2C as well as the scattered energy in Figure 2A tend to suggest that a small fault offset in the Moho probably exists under the Bengco-Jiali fault. The Moho appears to be ϳ5 Ϯ 3 km deeper on the north side of that fault. On the south-north cross section (Fig. 2B) , a south-dipping crustal converter (P-to-S conversion boundary) is imaged beneath the southern Qiangtang terrane from ϳ15 Ϯ 3 km to ϳ45 Ϯ 3 km below sea level. It forms a dome beneath the central Qiangtang rise, before it becomes unconstrained farther north.
At greater depths, a weak southeast-dipping mantle converter (SMC) is shown on the image in Figure 2A , which extends from the southern end of the Qiangtang Moho to a depth of ϳ180 km, ϳ100 km south of the Bangong-Nujiang suture. The image in Figure 2A also shows some approximately north-dipping mantle converters in contrast to the south-dipping mantle converter.
DISCUSSION AND CONCLUSIONS
The Moho structure revealed by our results received support from the INDEPTH III P-wave wide-angle profiling, which also showed two similar changes in Moho depths under the Bengco-Jiali fault and ϳ40 km north of the Bangong-Nujiang suture (Zhao et al., 2001) . The similarities were shown despite the fact that the techniques are methodically different-our study is relatively sensitive to the S-wave velocity structure, whereas the INDEPTH wide-angle profiling is related to the P-wave velocity structure only. The Bengco-Jiali fault is a seismically active Quaternary fault (Armijo et al., 1989) . The small fault offset in the Moho across the Bengco-Jiali fault is most clearly imaged on the cross section perpendicular to its surface trace (Fig. 2C) . Therefore, it probably resulted from the right-lateral strike-slip shear along the fault, perhaps owing to a lateral variation in the Moho depth or a small vertical slip component along the fault. This observation supports the hypothesis that the Bengco-Jiali fault is a major lithospheric boundary, as suggested by Armijo et al. (1989) . The Bangong-Nujiang suture is thought to have formed during the Late Jurassic-Early Cretaceous convergence between the Lhasa and Qiangtang terranes (Girardeau et al., 1984; Dewey et al., 1988) . The trough in the Moho ϳ40 km north of the surface trace of the Bangong-Nujiang suture is most likely associated with that suture, according to the conversion characteristics of the Moho or the crust and upper-mantle structures. This interpretation is more or less consistent with the geological observation that ophiolitic rocks were emplaced southward over the northern Lhasa terrane (Girardeau et al., 1984) . Our results show no evidence of a northward step-up in the Moho of ϳ20 km across the Bangong-Nujiang suture, as inferred from seismic fan profiling (Hirn et al., 1984) . The reflection from the depth of ϳ50 km on the north of the Bangong-Nujiang suture in the previous fan profile (Hirn et al., 1984) is, according to our results, more likely from the intracrustal structure than from the Moho.
The southeast-dipping mantle converter, although weak owing to the small velocity contrast across it, is coherent and can be traced readily from the Qiangtang Moho. This finding might be suggestive of a southeastward subduction of the Tibetan lithospheric mantle along the Bangong-Nujiang suture. Using the INDEPTH data, Tilmann et al. (2003) constructed a tomographic image for the same region, which exhibits two subvertical-dipping high-velocity bodies in the upper mantle. The tops of the two bodies coincide well with the southeast-dipping and the north-dipping mantle converters in our results. The surface trace of the Bangong-Nujiang suture shows a northeast trend in this area (Fig. 1) . Therefore, we suggest that the northeast strike (or southeast dip) of the Tibetan mantle slab imaged here might be a manifestation of its crooked geometry in the mantle, and comparable to that observed at the surface for the Bangong-Nujiang suture.
The north-dipping mantle converters are seen as a compound of energy and appear to be more complicated than would be expected from a single boundary, as suggested by an earlier RF study on a profile ϳ100 km to the east (Kosarev et al., 1999) . An alternative interpretation is that these north-dipping converters reflect the stacking structures resulting from the collision between the Indian lithospheric mantle (being subducted from the south) and the Tibetan lithospheric mantle (being subducted from the north) (Fig. 3) . The Indian lithospheric mantle has most likely been subducted along the southern margin of these complicated structures (also see Kosarev et al., 1999) . The top of the subducted Indian lithospheric mantle (as well as some northdipping intracrustal structures) cannot be well constrained, probably owing to negligible P-to-S-wave conversion amplitudes for nearnormal incidence (Langston, 1977) because the seismic waves used in this study come mostly from the southeast or from the Pacific region. This interpretation of the interaction of the two colliding lithospheres seems more compatible with interpretations previously advocated for many geophysical observations (see Molnar, 1988; Owens and Zandt, 1997; Kind et al., 2002) , e.g., the additional force needed to bend down the Indian plate to support the excess height of the Himalayan Range (Molnar, 1988) .
The south-dipping crustal converter is the most clearly imaged intracrustal interface, extending from the upper crust to the lower crust beneath the southern Qiangtang terrane. The central Qiangtang rise is characterized by a 500-km-long band of blueschist-bearing metamorphic core complexes. Geological observations suggest that the rise consists of accretionary mélange underplated to the lower crust of the Qiangtang terrane during the early Mesozoic southward subduction of oceanic lithosphere along the Jinsha River suture and subsequently exhumed to the surface by detachment faulting (Kapp et al., 2000) . This idea has received support from the petrologic observation that suggests that the lower crust of the Qiangtang terrane consists of anhydrous metasedimentary rocks (Hacker et al., 2000) . The southdipping crustal converter in our image may represent that detachment fault beneath the southern Qiangtang terrane. The south-dipping crustal converter discovered in this study would have major implications for paleotectonic reconstruction and study on the present-day composition and structure of the central Tibetan crust.
A further striking feature of the south-dipping crustal converter is that it becomes flatter as it dips into the lower crust (Fig. 2) . The most plausible interpretation is that it resulted from lower crustal flow, i.e., an originally moderately dipping structure (detachment) has been ''stretched out'' by flow, as proposed by Clark and Royden (2000) .
In summary, our results suggest an accretionary thrust-wedge type structure in central Tibet; this structure may have formed during the Mesozoic and then may have been reactivated as India penetrated Asia during the Cenozoic. According to our results, the deformation and crustal thickening of central Tibet may have occurred through thrust faulting of an accretionary wedge, and the Bengco-Jiali fault seems to be a consequence of the oblique confrontation of the two subducted lithospheric mantles along the zone of lithospheric weakness between them. The latter can also account for the large amount of transcurrent shear along the Bengco-Jiali fault and the sharp change in seismic anisotropy across that fault observed by Huang et al. (2000) . The south-dipping Tibetan mantle slab discovered in this study and its obstruction may also help to explain why the Indian lithosphere cannot subduct farther north, since the crust and upper mantle of northern Tibet is weak.
Our results seem to support the three-phase Tibet-rise model (Tapponnier et al., 2001) , in that an earlier rise phase of the plateau occurred through southward subduction of the Tibetan mantle slab along the Bangong-Nujiang suture, and crustal thickening occurred through thrust emplacement of a crustal wedge after the indention of Asia by India.
The great flatness of the broad plateau may be partly ascribed to adjustments along huge, mountain-parallel crustal faulting systems, including normal faulting along the South Tibetan detachment system (Burchfiel et al., 1992) , thrusting along many thrust faults in southern Tibet, as shown on the INDEPTH reflection profile (Brown et al., 1996) , and thrusting along the southern Qiangtang detachment, as imaged here. Figure DR1 . Sample receiver functions for back-azimuths between N45°E and N135°E. A south-dipping converter (SC) from the upper to the lower crust of the Qiangtang terrane is shown clearly. A south-dipping mantle converter (SMC) is discernible as well.
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In the receiver function calculation, the Gaussian filter factor α and the water level factor c are set to 1.5 and 0.05, respectively. 2 Figure DR2 . Diagrams for the construction of receiver function cross sections in this study. A: Ray paths of the directly converted Ps wave and the multiple converted PpPs phase in a layered medium, on the basis of which receiver functions are migrated into spatial image. B: Dipping structure imaged on the cross section (a projective vertical plane) perpendicular to the strike of the dipping structure. C: Dipping structure imaged on the cross section oblique to the strike of the structure. In the cross section construction, receiver functions are stacked (averaged) along the normal direction of the vertical plane. Therefore, dipping structure will be imaged more coherently on the former cross section than on the later one. Although sometimes the layered medium migration method may yield somewhat dip-shift for dipping structure on the image (comparable to of that in seismic reflection profiling), this method is still preferable because it recovers correctly (or frankly) the geometry of (sub-) horizontal structures. Usually, the impairment on the signal coherence for dipping structure due to the migration error can be reduced by using only earthquakes whose backazimuths within a special range in the stacking (ref. Langston 1977; Nabelek, et al., 1993, EOS Trans. AGU, v. 74, p. 431) . Qiangtang Moho are shown as distinctly as in image using direct-conversion Pms phase (Fig. 2) . All the data in this cross section are migrated for the multiple converted PpPs phases. Therefore, the multiple converted PpPms phase should be correctly migrated in this image, but the directly converted phases (including Pms) should be mis-positioned (mostly enclosed in the dashed rectangle). BJF-Bengco-Jiali fault; BNS-Bangong-Nujiang suture; BG-Bango granite; LB-Lumpola basin; SQB-southern Qiangtang basin; CQR-central Qiangtang rise. Figure DR6 . Cross section constructed along the array and the correspondent deformation structures shown in Fig.3 .
